Introduction
Vaccine preventable diseases remain an important cause of death in young children in many developing countries. Yet as of July 1998 there were at least 10 countries where measles vaccine coverage has not exceeded 50% of eligible children, and over 25 countries where coverage is less than 80% (WHO 2000) . Socioeconomic factors such as mother's education, ownership of radios and region of residence, as well as demographic factors such as age and gender of child have all been shown to be associated with successful completion of immunization in developing countries (Streatfield et al. 1990; Bicego and Boerma 1993; Bhuiya et al. 1997; Sommerfelt and Piani 1997) . Simply increasing the percentage of children immunized does not suffice to eliminate socioeconomic disparities in vaccine coverage (Jamil et al. 1999) . Similarly, in developed countries socioeconomic factors still play an important role in determining which children receive and which do not receive vaccines (Bobo et al. 1993; Lieu et al. 1994; Wood et al. 1995; Mayer et al. 1999; Szilagyi et al. 2000) . Government policies including public provision of vaccines (Mayer et al. 1999 ) and financial sanctions to welfare programmes (Minkovitz et al. 1999 ) have largely failed to bring low-income children up to par with higher income children in immunization coverage levels. Even when vaccines are offered 'free' of any on-site charges, socioeconomic status still plays an important role in determining whether a child will be vaccinated (Kenyon et al. 1998) .
A spirit of resignation has begun to surface based on the unfounded premise that achieving an equitable distribution of basic health services may be an unattainable goal. Some have discussed distinguishing equality of 'access' from equality of 'utilization' (Mooney et al. 1991; Culyer et al. 1992) , which would acknowledge successful attainment of making vaccines widely available whether or not equality of utilization is attained. Others have argued that the emphasis must shift to redressing the basic underlying social inequalities instead of focusing on the narrower topic of socioeconomic equality in health (Link and Phelan 1996) . In this paper we present evidence that an intervention employing intensive outreach visits by community health workers in Bangladesh succeeded in nullifying the effects of SES on vaccine receipt. We believe this evidence is useful as a reminder to developed countries that equity in utilization is not impossible. It is simply a matter of effort.
Data and analysis

Setting
The Matlab Maternal and Child Health/Family Planning Project (MCH-FP) is an internationally recognized project to reduce fertility, and improve peri-natal and child health in rural Bangladesh, which has nearly eliminated socioeconomic differentials in child mortality (Bhuiya et al. 2001) . The project incorporated a quasi-experimental design in which half of the villages in the intervention area received intensive services delivered by the International Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR,B) while the other half (the comparison area) continued to receive only the more limited services provided by the government programme. The intervention area has been receiving intensive services since October 1977, when ICDDR,B launched an experimental maternal and child health (MCH) and family planning programme in its rural study area in Matlab, which consisted at that time of 149 villages with a total population of 180 000.
In the intervention area, MCH and family planning outreach services were primarily the responsibility of ICDDR,B female community health workers. Although government workers were also assigned to this area, their contribution was extremely limited. The government outreach workers consisted of male health assistants and female family welfare assistants. In the comparison area, outreach services were limited to only those provided by government male and female outreach workers.
MCH components in the intervention area have been phased in over time so that by 1990 the full diphtheria, pertussis and tetanus (DPT) vaccination series for children, measles vaccination, vitamin A supplementation, curative outreach services for acute respiratory infection and dysentery, child nutrition rehabilitation services and maternity care were all part of the service programme (Koenig and Strong 1994) . Intensive services included regular home visits by community health workers who were empowered to immunize children at the home on a regular basis. Data on vaccine receipt permit a comparison of the impact of socioeconomic determinants of vaccine delivery within the more intensive Matlab intervention areas with a 'control' population that was reached with services and practices that are relatively standard for many developing countries.
Measurement and analysis
A knowledge, attitudes and practice (KAP) survey of family planning and child health was carried out in both the intervention area and comparison area between January and July 1990. Multi-stage sampling procedures were employed to yield a sample of approximately 8500 currently married women of reproductive age, with roughly equal numbers of respondents from each area. Details about the sampling design are available elsewhere (Koenig 1992) .
The women's overall response rates were high, approaching or exceeding 90% in both areas. Non-response was mainly due to absence from the home while refusal to be interviewed was rare. The total numbers of respondents interviewed in the intervention and comparison area were 4238 and 3708, respectively.
Data on children aged 9-59 months for measles vaccination and aged 12-59 months for DPT vaccination were used in this analysis to conform to the ages at which children are eligible to receive vaccination. We compared the children who had not completed DPT vaccination (0-2 doses) with those who had received the full 3 doses of DPT. After examining descriptive statistics, probit regressions were run to assess the effect of socioeconomic status on vaccine receipt. Robust standard errors were used to adjust for heteroskedasticity due to clustered data. Interactions between socioeconomic status (SES) indicators and a dummy variable for residence in the intervention area were used to assess the impact of intervention on the correlation between SES and vaccination. To aid interpretation, the probit coefficients were converted to marginal effects using the delta method (Greene 1990) . Each marginal effect can be interpreted as the incremental change in the probability of vaccine receipt that would be associated with a unit change in the independent variable, all other things remaining constant. The advantage of using marginal effects (dy/dx) to interpret an interactive model is their additivity. Let 'y' represent the probability of vaccination, 'x' represent SES, and 'I' represent a dummy for residence in the intervention area. With this notation the effect of SES is dy/dx in the control area and (dy/dx + dy/d(x*I)) in the intervention area.
Parental schooling attainments and living room size were the only available proxies for socioeconomic status; the presence of a health centre and the frequency of home visits were used as proxies for the 'price' of health services. Perceptions of the quality of service and the stock of surviving children were used to control for attitudinal variables that may be confounded with schooling. Our goal was to compare the effect of parental schooling on childhood vaccine receipt with and without an intensive public health campaign. Figure 1 shows the basic patterns in vaccine receipt by SES observed in the data. Although vaccination coverage is higher in the intervention area, the interesting feature is that the gradient of vaccination status by mother's schooling appears in the comparison areas but not in the intervention area. Table 1 confirms that vaccination rates in the intervention area are more than twice as high as those in the comparison area for both DPT and measles vaccine. Table 2 shows descriptive statistics indicating that the two groups had a similar socio-demographic makeup and similar awareness of the availability of services. As expected, visits by health workers were more likely in the intervention area. Yet even though nearly all (98%) households in the intervention area reported a home visit by a health worker, only 83-88% of eligible children received vaccination.
Results
Multivariate analysis
Multicollinearity occurs because the total number of children is closely correlated with maternal age. In separate analyses, models that included maternal age (and the combination of maternal age as well as number of children) were run, but the effects of the intervention were not greatly different from the analyses presented here, which exclude maternal age. Relative to the central question raised in this paper the key finding in Table 3 is that mother's education shows a significant positive association with measles and DPT vaccine receipt in the comparison area but not in the intervention area. In fact, mother's schooling is negatively related to measles vaccine receipt in the intervention area.
Child's age shows significant associations in both areas. The presence of a health centre had a strong association with vaccination status in the intervention area but no association in the comparison area. On the other hand, number of visits by a health worker shows a significant association with measles and DPT vaccination in both areas. The effects of visitation are larger in the intervention area, underscoring that visitation in the intervention area was designed to be unlike visitation in the control area. The magnitude of gender bias in vaccine receipt was less in the intervention area. Female gender reduced the probability of DPT vaccine receipt by 6.5 percentage points in the comparison area and reduced the odds of measles vaccine receipt by 3.9 percentage points in the intervention area. The results for measles vaccine suggest that the bias against female children was not observed in the intervention area, although it remained in the control area where female gender reduced the probability of vaccine receipt by 3.9 percentage points.
Interacted models shown in Table 4 (measles) and Table 5 (DPT) provide formal tests of the hypothesis that the effects of socioeconomic variables were lessened in the intervention area. Although interacted models place higher demands on the data, our sample size is large enough to support these models. Several of the interacted indicators of socioeconomic status were significant, and support the prior hypothesis that exposure to the intervention nullifies the advantages of higher rates of schooling in predicting vaccine receipt. Because the marginal effects in the table are additive, one can interpret the impact of mothers having more than 6 years of schooling (instead of no schooling) as increasing the probability of child measles vaccination by 13 percentage points in the control area, but reducing the probability by 13 -15.1 = -2.1 points in the intervention area. Similarly the effect of residence in the intervention area for DPT vaccine is to reverse the 16.9 point advantage enjoyed by mothers with 6+ years of schooling into a 16.9 -18.4 = 2.5 point disadvantage. Although the living room size variable did not achieve significance in the full model, in models without schooling measures (column 3 in Tables 4 and 5) the highest category of living room size increased the probability of vaccination in the control area, but this socioeconomic advantage is erased in the intervention areas as suggested by the significant and negative interaction term (-0.107 for measles, and -0.095 for DPT).
Discussion
These results can help to explain the documented success of the MCH-FP in addressing socioeconomic inequities in child survival (Bhuiya et al. 2001) . There is still caution needed in interpreting the interacted models; nevertheless, our results suggest that public health programmes such as the one in Matlab can play a significant role in narrowing or eliminating prevailing differentials in vaccine receipt related to SES. We believe there is nothing profound about the mechanism equalizing vaccine receipt in Matlab. If health workers go into all of the homes in the area to deliver vaccines, there is little reason to expect that socioeconomic status will explain why unvaccinated children were missed. Furthermore it has been shown that equalizing vaccine receipt -particularly for measles vaccine -greatly reduces socioeconomic differentials in child survival in Bangladesh (Bishai et al. 2002) .
It is not simply a matter of having a vaccination programme attain high coverage rates. Many areas of the developing world, most notably Bangladesh, have documented both high coverage rates and socioeconomic disparities in vaccine uptake (Jamil et al. 1999 ). This phenomenon is typical of vaccine delivery systems that require households to obtain vaccinations at health facilities. For example, in the control area in this study households could indeed use their resources to change the probability that their children were vaccinated. In a system where parents have to expend time and energy to vaccinate their children, socioeconomic status will matterthis has been repeatedly observed.
The results of this paper cannot inform the policy debate on the societal question of whether it is better to address a In intervention area subjects were asked about the ICDDR,B Sub-centre. In control area they were asked about the Family Welfare Centre.
underlying socioeconomic inequalities or to soften their bite. These results do suggest that it is indeed possible to achieve the latter. It bears note that ICDDR, B is a non-governmental organization and may be able to attract funding that would be unavailable to the government. The government funded male health workers in the control area were unable to maintain as frequent or as extensive contacts with the households as the ICDDR, B workers. The daily wage rate of a CHW in Matlab is US$5.00 or about US$0.10-0.25 per household visited (Khan et al. 2000) . The labour costs per child vaccinated would of course depend on the density of unvaccinated children in a region -if unvaccinated children are few and far between, the cost per child vaccinated will be high. Administrative costs of supervising door to door distribution as well as maintaining cold chain equipment may not be comparable with the standard practice of vaccinating children at health centres.
Policy-makers who value reductions in the population average of child mortality as well as reductions in the influence of socioeconomic status on the utilization of important health services will welcome this demonstration that the ICDDR,B, in partnership with communities, was able to achieve both goals in Matlab, Bangladesh. 
